Introduction

I mmunoglobulin G4 (IgG4)-related disease (RD)
is a multiorgan fibroinflammatory disorder. (1) (2) (3) (4) Proximal bile duct involvement results in IgG4-related sclerosing cholangitis (RSC), which is characterized by a lymphoplasmacytic infiltrate with abundant IgG4-positive plasma cells and fibrosis classically in a storiform pattern. (2, 4, 5) Differentiating between cholangiocarcinoma (CCA) and IgG4-RSC can sometimes present a diagnostic dilemma.
Case Report
A 67-year-old Caucasian male patient presented to his local provider with generalized pruritus and painless jaundice. His past medical history was significant for Lynch syndrome and adenocarcinoma of the colon. This was complicated by three separate occurrences for which he underwent a complete proctocolectomy with end ileostomy 7 years prior to his current presentation at which time he showed signs of complete remission. He was found to have hyperbilirubinemia to 6 mg/dL (0.2-1.3 mg/dL) and renal failure. A noncontrast computed tomography (CT) demonstrated an ill-defined 3-cm density in the left hepatic lobe (Fig. 1A) . A plastic stent was placed into the left lobe during endoscopic retrograde cholangiopancreatography (ERCP) (Fig. 1B) . CT and ultrasoundguided biopsies were negative for malignancy. A primarily inflammatory chronic hepatitis was seen with focal bile duct proliferation with associated multinucleated giant cells. Cancer antigen 19-9 (CA 19-9), alpha-fetoprotein, and carcinoembryonic antigen were normal.
The patient was referred to our institution where he was admitted to the hospital for hypotension. Magnetic resonance imaging/ magnetic resonance cholangiopancreatography ( Fig. 2A ) demonstrated an ill-defined hypoenhancing lesion in segment III measuring 4.0 3 2.9 cm, resulting in obstruction of the intrahepatic biliary ducts (left greater than right). Additionally, there were several hypoenhancing satellite lesions in segment II, II, and IVb. Several fluid collections with debris were noted along the anterior left lobe contiguous with the dilated intrahepatic bile ducts, consistent with bilomas. Repeat ERCP (Fig. 2B ) was performed for cholangitis and showed stricture at the bifurcation. Brush cytology from the stricture yielded reactive changes, and a plastic stent was placed across the stricture. The outside biopsy specimen was reviewed at our institution, and IgG4 staining was performed (Fig. 3A,B ). Multiple clusters of IgG4-positive plasma cells were identified. No atypical epithelioid cells were seen. A paucicellular scar was seen, but the typical portal-based, storiform, fibroinflammatory nodules were not visualized. Serum IgG4 was elevated at 208 mg/dL (11-86 mg/dL), IgG1 was 623 mg/dL (330-856 mg/dL), and total IgG was 1,216 mg/dL (695-1,620 mg/dL). Total bilirubin improved from 2.7 to 1.5 mg/dL (0.2-1.3 mg/dL) and aspartate aminotransferase from 151 to 103 mg/dL (0-45 mg/dL), after ERCP with stent replacement. IgG4-RSC was suspected, and prednisone 60 mg was started. Aspartate aminotransferase normalized after 2 weeks, and a repeat ERCP showed slight improvement. Prednisone was decreased to 40 mg after 6 weeks due to increased intraocular pressure.
Seven weeks after starting prednisone, the patient presented with pulmonary emboli and sepsis from enterococcal bacteremia. CT revealed extensive low- density hepatic masses, loculated ascites, and peritoneal nodular enhancement (Fig. 2C) . Ultrasound-guided biopsy showed poorly differentiated carcinoma that was cytokeratin (CK)7 positive, CK20 negative, CK19 positive, arginase negative, Caudal Type Homeobox 2 negative, and special AT-rich sequence-binding protein 2 negative, favoring CCA (Fig. 3C,D) . Serum CA 19-9 was elevated at 281 U/mL (0-37 U/mL). The patient elected for comfort care measures and died in home hospice care 6 weeks later. 
Discussion
While many published case reports describe patients with suspected CCA who are later found to have IgG4-RSC, few reports have demonstrated the reverse. (6, 7) Here, we examine a case that on imaging was very concerning for malignancy, but serum IgG4, histology, and partial response to prednisone suggested IgG4-RSC. According to a recent meta-analysis, >135 mg/dL serum IgG4 level confers a sensitivity of 87.2% and specificity of 82.6% for the diagnosis of IgG4-RD. (8) Some authors have advocated using a 2-fold upper limit of normal, but this yielded a sensitivity of 63% and a specificity of 94.8% in the same metaanalysis. Moreover, in a cohort study of 126 CCA patients, 4 patients still had a >2-fold increase in IgG4 and only a >4-fold cutoff was 100% specific for IgG4-RD, particularly in patients with coexisting primary RSC. (9) Another approach suggests using the ratio of IgG4:IgG >0.1 or IG4:IgG1 >0.24 as cutoffs.
(1) In our patient, the ratio was 0.17 and 0.33, which would be consistent with IgG4-RSC. The initial biopsy was also suggestive, but IgG4-positive plasma cells can be seen in the peritumoral infiltrate of CCA and pancreatic adenocarcinoma (20 IgG4-positive plasma cells per high-power field) and in up to 40% of extrahepatic CCA related to interleukin-10 expression. (10, 11) Using a cutoff of 50 IgG4-positive plasma cells per high-power field on biopsy specimens may be more specific for IgG4-RD and avoid missing malignancy. (12) Very elevated CA 19-9 levels are more suggestive of CCA. A cohort of 275 patients with CCA had a mean CA 19-9 of 2,788.2 6 10,563.8 U/mL compared to a cohort of 30 patients with IgG4-RSC having a mean CA19-9 of 134.7 6 257.2 U/mL (P < 0.001). (13) Involvement of other organs, often seen in IgG4-RD, was not seen in this patient, which was another clue that this patient had CCA. In a cohort of 53 patients with IgG4-RSC, 92% had pancreatic involvement (most common) followed by kidney, retroperitoneum, salivary glands, lymph nodes, and lung. (5) We should also consider the possibility of this patient having both IgG4-related disease and CCA. Some studies have suggested a long-term increased risk of malignancy with IgG4-related disease, but a cohort of 113 patients with IgG4-related disease was followed for a mean of 73 months and no significant increase in malignancy was noted. (14, 15) Additionally, the time of onset of this patient's symptoms to his ultimate death due to progressive CCA would favor just a single process. This patient did have a history of Lynch syndrome (specific mutation unknown), and the literature suggests a possible slight increase in hepatobiliary malignancies with mismatch repair gene mutations. (16) In the setting of increased cell turnover due to IgG4-RSC, it is conceivable that progression to CCA could have happened, but it seems unlikely.
Nevertheless, distinguishing between CCA and IgG4-RSC remains challenging, and a high clinical suspicion for CCA must always be maintained, particularly in the setting of isolated biliary disease. Interpretation of IgG4 serum levels and staining can be problematic as neither is completely sensitive or specific.
